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a b s t r a c t
In wild and domestic birds, cryptosporidiosis is often associated with infections by Cryp-
tosporidium galli, Cryptosporidium baileyi and Cryptosporidium meleagridis. In addition to
these species, a number of avian Cryptosporidium species yet to be fully characterized are
commonly found among exotic and wild avian isolates. The present study aimed to detect
and identify samples of Cryptosporidium spp. from free-living wild birds, in order to con-
tribute to the knowledge of the variability of this parasite in the free-living population
of Brazil. Stool samples were collected from 242 birds, with the following proportions
of individuals: 50 Emberizidae (20.7%), 112 Psittacidae (46.3%), 44 Cardinalidae (18.2%),
12 Turdidae (5.0%), eight Ramphastidae (3.3%), seven Icteridae (2.9%), three Estrilididae
(1.2%), two Contigidae (0.8%), two Thraupidae (0.8%) and two Fringilidae (0.8%). Among
the 242 fecal samples from wild birds, 16 (6.6%) were positive for the presence of oocysts
of Cryptosporidium. Molecular characterization of the 16 samples of Cryptosporidium, were
performed with phylogenetic reconstructions employing 292 positions of 18S rDNA. None
of the samples of birds was characterized as C. meleagridis. C. galli was identiﬁed in one
rufous-bellied thrush (Turdus ruﬁventris), ﬁve green-winged saltators (Saltator similis), one
slate-coloured seedeater (Sporophila schistacea), one goldﬁnch (Carduelis carduelis) and
three saffron ﬁnches (Sicalis ﬂaveola). One goldﬁnch isolate, one buffy-fronted seedeater
(Sporophila frontalis), one red-cowled cardinal (Paroaria dominicana) and one other saffron
ﬁnch (S. ﬂaveola) were identiﬁed as C. baileyi. Avian genotype II was found in an isolate from
a white-eyed parakeet (Aratinga leucophthalma). Clinical symptoms of cryptosporidiosis in
birds have already been described and the number ofwild birdswhichwere shedding para-
siteswas high. Therefore,
in the wild is warranted.
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1. Introduction
Open access under the Elsevier OA license.In wild and domestic birds, cryptosporidiosis is
often associated with infections by Cryptosporidium galli,
Cryptosporidium baileyi and Cryptosporidium meleagridis.
Conﬁrmed hosts of C. galli include birds of the family Sper-
ry Paras28 A.d.P. Sevá et al. / Veterina
mestidae, Fringilidae and domestic chickens (Gallus gallus).
Huber et al. (2007) studied Cryptosporidium infections in
poultry in Brazil and found ducks and quails infected with
C. baileyi, and chickens with C. meleagridis. Oocysts of Cryp-
tosporidium spp. have been observed in a variety of exotic
wild birds and native species, including members of the
families Phasianidae, Icteridae and passerine (Ryan et al.,
2003). Ng et al. (2006), using a PCR targeting the gene cod-
ing for the 18S subunit rRNA (18S rDNA) and actin, studied
430 avian-derived fecal specimens from Australian birds
and found, in addition to C. galli and C. baileyi, genotypes of
Cryptosporidium genetically distinct fromall the previously
known species. These genotypes were named I–IV. (Ng et
al., 2006)
The birds infected by Cryptosporidium spp. may have
respiratory or digestive symptoms (Xiao et al., 2004). Man-
ifestations of respiratory disease can appear in two ways:
(i) with involvement of the upper respiratory system,
mainly represented by sinusitis (head swelling); and (ii)
with involvementof the lower respiratory system, affecting
the trachea, bronchi, lungs and air sacs (Sréter and Varga,
2000). A wide range of birds can be found infected by C.
baileyi which in turn causes high morbidity and mortality
due to respiratory infection (Lindsay and Blagburn, 1990).
C. baileyi and C. meleagridis are different in terms of vir-
ulence and site of infection. C. baileyi infects the epithelium
of a wide variety of organs such as the trachea and bursa
of Fabricius, while C. meleagridis is located in the small
intestine and cecum (Zha and Jiang, 1994; Bermudez et
al., 1987). C. galli may be associated with a disease with
high mortality (Pavlásek, 1999; Ryan et al., 2003), caus-
ing changes in the proventriculus as the parasite develops
in epithelial cells of this organ and does not affect neither
intestines nor respiratory tract (Pavlásek, 1999).
With this work, we aimed to detect and identify sam-
ples of Cryptosporidium spp. from free-living wild birds, in
order to contribute to the knowledge of the variability of
this parasite in the avian population of Brazil.
2. Materials and methods
2.1. Samples
Between January2006andApril 2008, 242 fecal samples
from wild birds which were apprehended by environmen-
tal control agencies of São Paulo state, Brazilwere collected
for the diagnosis of Cryptosporidium spp. Stool samples
were collected fresh and chilled immediately after harvest
and tested within three days. Among the free range birds,
we surveyed the following proportions of individuals: 50
Emberizidae (20.7%), 112 Psittacidae (46.3%), 44 Cardinali-
dae (18.2%), 12 Turdidae (5.0%), eight Ramphastidae (3.3%),
seven Icteridae (2.9%), three Estrilididae (1.2%), two Con-
tigidae (0.8%), two Thraupidae (0.8%) and two Fringilidae
(0.8%).2.2. Oocyst detection
Stool samples were subjected to the conventional
ﬂotation in sucrose solution (Ogassawara and Benassi,
1980) with the use of disposable plastics. Floated mate-itology 175 (2011) 27–32
rial was transferred to a sterile slide and observed by light
microscopy in 400-times magniﬁcation.
2.3. DNA extraction and PCR
When subspherical 4–8msize oocystswere observed,
the slide was washed with 1mL TE (10mM Tris–HCl pH
8.0; 1mM EDTA pH 8.0) in sterile Petri dishes. The oocysts
were then transferred to 1.5mL microtubes and washed
twice in TE by centrifugation at 12,000× g for 5min. After
the lastwash, the supernatantwas discarded and the pellet
was resuspended in 500L of lysis buffer (10mM Tris–HCl
pH 8.0; 25mM EDTA pH 8.0; 100mM NaCl, 1% SDS). The
oocyst suspension was submitted to three freeze thaw
cycles and then proteinase K was added to 10g/mL. The
suspension was incubated at 37 ◦C. After overnight incu-
bation the DNA was extracted using a mixture of phenol,
chlorophorm, isoamyl-alcohol (25:24:1) and precipitated
with ethanol as described elsewhere (Sambrook et al.,
1989). The samples of DNAwere stored at−20 ◦Cuntil used
in nested-PCR.
The nested PCR for oocyst characterization was carried
out employing primers directed to the 18S rDNA as previ-
ously described (Xiao et al., 1999). A second set of primers
was used to amplify 18S rDNA sequences from samples in
which the ﬁrst set failed. The nucleotide sequence of these
primers were: P1: ACC TAT CAG CTT TAG ACG GTA GGG
TAT TTC; P2: TCA TAA GGT GCT GAA GGA GTA AGG; P3:
ACA GGG AGG TAG TGA CAA GAA ATA ACA and P4: AAC
TTT CGT TCT TGA TTA ATG AAA ACA. Primers P1 and P2
were used to amplify about 800bp of 18S rDNA sequences
of Cryptosporidium spp. and P3 and P4 were used for nested
ampliﬁcation of the PCR products yielded by the primary
reaction (about 500bp). The PCR and cycling conditions for
the second primer set were exactly the same as those used
for the ﬁrst primer set.
2.4. Sequencing and sequence analysis
The nested PCR products were sequenced using the
original primers and the Big Dye® chemistry (Applied
Biosystems, Foster City, CA). Sequencing products were
analyzed on an ABI377 automated sequencer. Both strands
of each PCR products were sequenced at least four times
in both directions to increase the conﬁdence of sequenc-
ing. The sequences were assembled and the contig formed
with the phred-base calling and the phrap-assembly tool
available in the suite Codoncode aligner v.1.5.2. (Codon-
code Corp., Dedham, MA, USA).
The genetic sequences were deposited in GenBank
(Accession GU816040–GU816049, GU816057, GU816058,
GU816063, GU816069, HM126668 and HM126669). The
PCR derived sequences were multiple aligned by using
the software Clustal X (Thompson et al., 1997). In addi-
tion to samples of this study we also used 18S rDNA
sequences available in GenBank of samples classiﬁed as
C. galli, C. baileyi, avian genotypes I, II, III, and IV, and
other avian genotypes/species. The following sequences
were used: AF093495 (C. baileyi strain CBA01), DQ650339
(Cryptosporidium sp. BE6), DQ002931 (Cryptosporidium
sp. ex Struthio camelus), DQ650340 (Cryptosporidium sp.
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1–11), DQ650341 (Cryptosporidium sp. BE20), AY504514
Cryptosporidium sp. 6876), AY504516 (Cryptosporidium sp.
898), AY504512 (Cryptosporidium sp. 1196), DQ650342
Cryptosporidium sp. BW3), DQ650343 (Cryptosporidium sp.
P1), DQ650344 (Cryptosporidium sp. Czech B4), AY273769
Cryptosporidium sp. CzechB1), AY168848 (C. galli isolate
2–3a), AF112574 (C. meleagridis strain CMEL).
The evolutionary history was inferred using the
eighbor-Joining method (Saitou and Nei, 1987). The
ercentage of replicate trees in which the associated
axa clustered together in the bootstrap test (1000 repli-
ates)were calculated as described elsewhere (Felsenstein,
985). The tree was drawn to scale, with branch lengths in
he same units as those of the evolutionary distances used
o infer the phylogenetic tree. The evolutionary distances
ere computed using the Kimura 2-parameter method
Kimura, 1980) and are in the units of the number of base
ubstitutions per site. All positions containing gaps and
ig. 1. Evolutionary relationships of 30 taxa. The evolutionary history was infer
f branch length=0.31853474 is shown. The percentage of replicate trees in w
eplicates) are shown next to the branches. The tree is drawn to scale, with branc
nfer the phylogenetic tree. The evolutionary distances were computed using the
ubstitutions per site. All positions containing gaps and missing data were elimin
92 positions in the ﬁnal dataset. Phylogenetic analyses were conducted in MEGAitology 175 (2011) 27–32 29
missing data were eliminated from the dataset (complete
deletion option). Phylogenetic analyses were conducted in
MEGA4 (Tamura et al., 2007).
3. Results
Among the 242 samples of free range birds, 16
(6.6%) were positive for the presence of oocysts of
Cryptosporidium in fecal samples. The positive samples
were from: ﬁve green-winged saltator (Saltator similis),
two goldﬁnches (Carduelis carduelis), four saffron ﬁnches
(Sicalis ﬂaveola), one red-cowled cardinal (Paroaria domini-
cana), one slate-coloured seedeater (Sporophila schistacea),
one white-eyed parakeet (Aratinga leucophthalma), one
buffy-fronted seedeater (Sporophila frontalis), and one
rufous-bellied thrush (Turdus ruﬁventris). All but two
samples (the exceptions was a sample from white-eyed
parakeet and a sample from saffron ﬁnch) were positive by
red using the Neighbor-Joining method. The optimal tree with the sum
hich the associated taxa clustered together in the bootstrap test (1000
h lengths in the same units as those of the evolutionary distances used to
Kimura 2-parameter method and are in the units of the number of base
ated from the dataset (complete deletion option). There were a total of
4.
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Table 1
Isolates of avian species of Cryptosporidium spp., the hosts in which they were found and the ﬁnal identiﬁcation of the sample.
Isolate Common name of the host Scientiﬁc name of the host Family of the host Identiﬁcation of the parasite Date of collection
Cry02MK Green-winged saltator Saltator similis Cardinalidae C. galli November 2006
Cry03MK Buffy-fronted seedeater Sporophila frontalis Emberizidae C. baileyi May 2006
Cry05MK Goldﬁnch Carduelis carduelis Fringilidae C. baileyi August 2007
Cry06MK Green-winged saltator Saltator similis Cardinalidae C. galli April 2006
Cry07MK Green-winged saltator Saltator similis Cardinalidae C. galli November 2006
Cry08MK Green-winged saltator Saltator similis Cardinalidae C. galli October 2007
Cry09MK Saffron ﬁnch Sicalis ﬂaveola Emberizidae C. galli January 2008
Cry10MK Red-cowled cardinal Paroaria dominicana Emberizidae C. baileyi July 2006
Cry11MK Saffron ﬁnch Sicalis ﬂaveola Emberizidae C. baileyi January 2008
Cry13MK Green-winged saltator Saltator similis Cardinalidae C. galli October 2006
Cry27AN Slate-coloured seedeater Sporophila schistacea Emberizidae C. galli January 2008
Cry28AN Saffron ﬁnch Sicalis ﬂaveola Emberizidae C. galli April 2007
Cry30AN Goldﬁnch Carduelis carduelis Fringilidae C. galli January 2008
Tu
Psi
EmCry31AN Rufous-bellied thrush Turdus ruﬁventris
Cry50SH White-eyed parakeet Aratinga leucophthalma
Cry51SH Saffron ﬁnch Sicalis ﬂaveola
the nested PCR based on the primers of Xiao et al. (1999).
These samples were successfully ampliﬁed with the nested
PCR based on primers designed in this study.
The analysis of the chromatograms obtained from
isolates of C. galli revealed that two sequences were
co-ampliﬁed. Heterogeneous chromatograms occurred in
consequence of overlapping peaks of ﬂuorescent residues.
These ﬁndings demonstrated that C. galli have two slightly
distinct copiesof18S rDNA, thatdiffered fromeachotherby
three single nucleotide polymorphism and one indel (base
T) (not shown).
The molecular characterization of the 16 samples of
Cryptosporidium was performed with phylogenetic recon-
structions of 18S rDNA using a total of 292 positions in the
ﬁnal dataset.
The phylogenetic reconstructions of the isolates of
Cryptosporidiumof birds canbe found in Fig. 1. These recon-
structions allowed us to classify the samples as outlined in
Table 1.
None of the samples of birds was characterized as C.
meleagridis.
C. galli was identiﬁed in one rufous-bellied thrush
(T. ruﬁventris), ﬁve green-winged saltators (S. similis),
one slate-coloured seedeater (S. schistacea), one goldﬁnch
(C. carduelis) and three saffron ﬁnches (S. ﬂaveola). One
goldﬁnch isolate, one buffy-fronted seedeater (S. frontalis),
one red-cowled cardinal (P. dominicana) and one other saf-
fron ﬁnch (S. ﬂaveola) were identiﬁed as C. baileyi. Avian
genotype IIwas found in an isolate fromawhite-eyedpara-
keet (A. leucophthalma).
Sequence and distance analysis at the 18S rRNA gene
locus indicated that the white-eyed parakeet genotype
was genetically similar to Avian genotype II (99.7% to
Cryptosporidium sp. B1–11, Cryptosporidium sp. BE20 and
Cryptosporidium sp. Struthio camelus). Thegenetic sequence
obtained from this host differed from the Avian genotype
II by a unique G→A transition.4. Discussion
The phylogenetic reconstruction inferred here shows
the divergence between the 18S rDNA sequences of Cryp-rdidae C. galli August 2007
ttacidae Avian genotype II January 2007
berizidae C. galli April 2007
tosporidium of this study and homologous sequences of C.
galli, C. baileyi, and other avian genotypes described else-
where.
As two slightly distinct copies of 18S rDNA have been
detected in the isolates of C. galli, the phylogenywas recon-
structed using a consensus of both copies (for each isolate).
Heterogeneity is commonly encountered in 18S riboso-
mal genes of Cryptosporidium parvum and it is due to the
presence of two types of ribosomal sequences designed
Type A and Type B (Le Blancq et al., 1997). In many other
species of the phylum Apicomplexa, e.g. Cryptosporidium
spp., ribosomal RNA gene copies are also heterogeneous
and these genes appear to evolve according to a birth-
and-death model (brieﬂy, gene duplication give rise to
new genes, some of which may persist in the genome
whereas others are lost) (Rooney, 2004). With regard to
Plamodium spp., 18S sequences from the same species
were observed to be quite divergent which may cause
a clear pattern of between-species clustering. However,
there are instances in which sequences from the same
species cluster together, as in the case of sequences that
represent different genes derived from a recent dupli-
cation event. In this case, not enough time has elapsed
for the accumulation of nucleotide differences (Rooney,
2004).
The two sequences of C. galli were demonstrated to be
quite similar, thus besides homology between them, we
assumed their ancestorwasduplicatedafter thedivergence
between all the avian species and genotypes of Cryp-
tosporidium spp. The phylogeny of avian derived sequences
was then reconstructed without the characters that dis-
tinguish between them. Thus, the phylogeny inferred here
aimed the between-avian species/genotypes clustering but
not intra-C. galli clustering.Heterogeneous chromatograms
were not found in sequences of other species/genotypes of
Cryptosporidium.
Some of samples of this study had to be re-ampliﬁed
using the newly described set of primers based on 18Sr
DNA sequences. The fact that there were negative results
of PCR and/or difﬁculty in sequencing samples that showed
positive by fecal examination may have resulted from the
low number of oocysts or the presence of PCR inhibitors in
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ecal samples. When there are small amount of oocysts in
he sample or small quantity of PCR products, faint bands
re seen in the agarose gel electrophoresis and, as a con-
equence, the amount of DNA is not sufﬁcient to perform
equencing, particularly when the number of base pairs of
he amplicons is high (Robinson et al., 2006). Indeed, the
ccurrence of bands of very low intensity was a very fre-
uent event in this study (data not shown). In the particular
ase of samples from birds, the amount of fecal material
vailable was typically scarce, and therefore, difﬁcult to
epeat the molecular reactions. The new set of primers was
ble to amplify genetic sequences from samples that were
egative by the PCR using primers designed by Xiao et al.
1999). Such a difference is probably due to the difference
n the size of the resulting amplicon. The new set of primers
ypically yields smaller fragments than the primers of Xiao
t al. (1999).
In the present study we identiﬁed only two of the three
pecies of Cryptosporidium commonly found in birds. The
roportion of birds positive by PCR was similar to that
eported in Australia (Ng et al., 2006), in which 27 (6.3%)
f 430 avian fecal samples were positive for Cryptosporid-
um and higher than the value of 4.9% recorded in the
tudy of Nakamura et al (Nakamura et al., 2008).These
uthors studied 699 samples of wild birds and found only
. galli in lesser seed-ﬁnches (O. angolensis), and C. bai-
eyi in saffron ﬁnches (S. ﬂaveola), whereas in the present
tudy, saffron ﬁnches were found infected by C. galli and
. baileyi.
C.meleagridisnotwas found in this survey,which is con-
istent with the surveys reported by Ng et al. (2006) and
akamura et al. (2009). Thus, C. meleagridis seems to occur
ith low frequency in wild avian hosts.
InfectionwithCryptosporidium spwas found in budgeri-
ars (Melopsottacus undulatus) and cockatiel (Nymphicus
ollandricus), with high mortality in lovebirds (Agapornis
anus canus) (Goodwin and Krabill, 1989), showing that
he birds of the Psittacidae family are susceptible to the
arasite. The presence of parasites in birds of the Psittaci-
ae family was not demonstrated in this study with the
ame magnitude as that described by Goodwin and Krabill
1989). From 112 birds of this family, only one (0.9%) was
ositive by fecal examinationof oocysts (andPCR). Thehost
ange for avian genotype II included cockatiels, cockatoos,
arrot, galah, and sunconure (Nget al., 2006).Genotype II is
lso capable of infecting Struthioniformes as this genotype
as previously been identiﬁed in ostriches (Meireles et al.,
006). The results presented here indicate that avian geno-
ype IImaybe able to infect other species of birds belonging
o the family Psittacidae of the NewWorld. The potential of
his genotype to cause disease in wild birds of this family
as to be further studied.
The presence of Cryptosporidium in ﬁve species of the
amily Emberizidae demonstrates the sensitivity of these
pecies to infection. The positivity of 100% of goldﬁnches,
amily Fringilidae, was high, but the number of samples
ollected and analyzedwas low. Families Turdidae andCar-
inalidaewere also revealed susceptible to infection by the
arasite.
Since the number of wild birds which were eliminating
arasites was high and that clinical symptoms of cryp-itology 175 (2011) 27–32 31
tosporidiosis in birds have already been described, it is
clear that cryptosporidiosis seems to have importance in
the environmentunder study so thatmethods of epidemio-
logical research and disease surveillance in the wild should
be adopted.
In addition one has to consider the risk posed by the
wild birds to livestock. It is well known the fact that Cryp-
tosporidium spp. may be an important cause of economic
losses to the poultry industry.
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